NTR signifimechanism of photoreceptor survival via neurotrophins cantly prevented light-induced photoreceptor apohas remained unclear. In the present study, we demonptosis. These observations implicate glial cells in the strate the photoreceptor-specific expression of trkC determination of neural cell survival, and suggest funcgenes in light-degenerated retina using laser capture tional glial-neuronal cell interactions as new therapeumicrodissection (LCM). tic targets for neurodegeneration.
). However, this was not the case for TrkA (149% Ϯ 69%, n ϭ 8) and TrkB (127% Ϯ biological consequences are not completely understood. Our work suggests a possible mechanism by 18%, n ϭ 8). When rats were raised under continuous illumination from P2 to P21, followed by LD 12:12 from which glial cells contribute to photoreceptor cell survival during degenerative processes.
P22 to P35, retinal degeneration did not progress after P22. In these animals, the expression of TrkC and p75 NTR was normal (lane 3 in Figure 1B ). Immunohistochemical Results analysis showed a differential distribution for these two neurotrophin receptors in the light-reared retina. TrkC Light-Induced Retinal Degeneration Upregulates Neurotrophin Receptors in Mü ller Glial Cells was enhanced in the inner plexiform layer (IPL) ( Figure  2B ), whereas p75 NTR expression was enhanced in the To determine whether light-induced photoreceptor degeneration affects the neurotrophin receptor genes outer nuclear layer (ONL), which is composed of photoreceptor nuclei ( Figure 2E ). Double-labeling immunofluwithin rat retina, we first determined the level of expression of these genes using quantitative reverse transcriporescence studies using specific antibodies against Mü ller glial cells demonstrated that TrkC upregulation tion-polymerase chain reaction (RT-PCR) analysis. We found that photoreceptor degeneration in the retina of occurred within distal Mü ller cell processes ( Figure 2C ), whereas p75 NTR immunoreactivity was localized to proxilight-reared animals begins after postnatal day 21 (P21), and that about half of the photoreceptor nuclei had dismal Mü ller cell processes ( Figure 2F ). appeared at P35 ( Figure 1A ) (Harada et al., 1998a (Weskamp and Reichardt, 1991) . In contrast to the effect of NT-3 blocking antibody and K252a, REX decreased photoreceptor cell death by ‫%62ف‬ (Table 1 and Figure  3E ). NT-3 blocking antibody, K252a, and REX had no significant effect on retinae from LD 12:12 control animals at P35 (Table 1) . vitreous at P32 and extracted total RNA at P35 from the light-degenerated retina. As shown in Figure 4 , REX whether the upregulation of these receptors occurred increased (135% Ϯ 8%, n ϭ 3) but K252a decreased in photoreceptors. To address this important question, (72% Ϯ 15%, n ϭ 3) bFGF production. However, they we examined photoreceptor-specific gene expression had no significant effect on CNTF, TNF, and iNOS prousing LCM (Luo et al., 1999). For this purpose, total RNA duction. We also examined bFGF protein levels in the was extracted from cells residing in the ONL only (Figure whole retina. Consistent with the mRNA levels, REX 1A). In fact, these cells contained photoreceptor-speincreased (149% Ϯ 12%, n ϭ 3) but K252a decreased cific rhodopsin genes, but not Mü ller cell-specific gluta-(66% Ϯ 11%, n ϭ 3) bFGF protein levels. Furthermore, mine synthetase genes (Harada et al., 1998b) (lanes 4 we examined the effect of exogenous NGF and NT-3 for and 5 in Figure 1C ). Another control experiment was bFGF production (Figure 4) . Consistent with the effect done using cells residing in the inner nuclear layer (INL) of REX and K252a, NGF decreased bFGF production only. In contrast to the cells in the ONL, they expressed (82% Ϯ 4%, n ϭ 3) and NT-3 increased bFGF production glutamine synthetase genes but not rhodopsin genes (116% Ϯ 9%, n ϭ 3), respectively. (lane 6 in Figure 1C ). So, we examined photoreceptorspecific neurotrophin receptor gene expressions by utilizing total RNA from ONL. As shown in Figure 1C, Figure 5B ). When stimuNeurotrophin Receptors Have Opposite Effects on Photoreceptor Apoptosis lated by NT-3, bFGF production was upregulated (131% Ϯ 9%, n ϭ 3), and the increase was abolished The differential distribution of TrkC and p75 NTR prompted us to examine the functions of these two neurotrophin by pretreatment with K252a and NT-3 blocking antibody ( Figure 5C ). In contrast to NT-3, NGF treatment dereceptors. The effect of TrkC was addressed by injecting the Trk-specific inhibitor K252a into the vitreous at P32 creased bFGF production (57% Ϯ 8%, n ϭ 3), and this decrease was further pronounced when combined with and assessing cell death at P35. In the light-reared retina, K252a treatment elicited an 80% increase in cell K252a (27% Ϯ 8%, n ϭ 3) ( Figure 5C ). However, the decrease in bFGF was almost completely ameliorated death (Table 1) in Figure 5D , extracellular bFGF concentration was in-6H). These results indicate that blockade of p75 NTR results in a structural photoreceptor rescue during lightcreased after NT-3 treatment (135% Ϯ 11%, n ϭ 3) but abolished by K252a and NT-3 blocking antibody.
Effects of REX and
induced retinal degeneration. We next examined the physiological function of the REX-treated retina using Contrarily, bFGF concentration was decreased after NGF treatment (46% Ϯ 13%, n ϭ 3) and ameliorated by single-flash electroretinograms (ERGs) ( Table 2) Our present results demonstrated that p75 NTR is involved uninjected eyes, and in control eyes injected with normal in light-induced photoreceptor apoptosis. To make our rabbit IgG, the ONL thickness (an index of photoreceptor study more definitive, we carried out similar experiments cell number) was severely reduced at both P31 and P42 using p75 NTR knockout (p75 Ϫ/Ϫ ) mice. These mice were ( Figures 6B, 6G, and 6H ). Eyes given a single injection generated by backcrossing five or more times to C57BL/ of REX at P21 retained considerably more photorecep-6J inbred mice. At first we compared the retinal apotors at P31 compared with contralateral control eyes, ptosis in p75 Ϫ/Ϫ mice with those of C57BL/6J (p75 ϩ/ϩ ) but this was not the case at P42 ( Figure 6G ). However, mice. Although these animals were not littermates, retian additional injection of REX at P28 prolonged the protection of photoreceptors to P42 (Figures 6C, 6G , and nal apoptosis in p75 Ϫ/Ϫ mice was normal compared with 
Discussion
In the present study, we have demonstrated that photoreceptor degeneration modulates the molecular pathways underlying the regulation of neurotrophin receptor genes in both neural and glial retinal cells. We also proposed the possible mechanism by which these cells communicate with the surrounding cells during retinal degeneration. Furthermore, we suggest the new therapeutic concept that modification of the glia-neuron networks can prevent or delay the process of neurodegeneration in vivo. Thus, photoreceptor survival in rat retina may be partly the result of direct effect of NT-3 (Figure 8 ). In fact, NT-3 is the only neurotrophin localized to rat photoreceptors 1998) and to prevent photoreceptor degeneration pro- 
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Phototoxicity and Retinal Degeneration
In the past decade, the problem of phototoxicity has been a subject of increased awareness and interest (Glass, 1990; Brash, 1996) . In one type of RP, the patients' history of light exposure was implicated in the 
